Bioavailability of nitrogen (N) and phosphorus (P) is known to affect marine phytoplankton physiology, thus influencing their primary productivity; and it's of general interest to see how the N or/and P additions affect the differently cell-sized phytoplankton assemblages. Data from the northern South China Sea showed that P addition increased up to 6 times of total chl a content within 24 h in the estuarine water; and N+P addition increased more than 20 times of chl a within 144 h in the pelagic water. The P addition powered 18.0% and 149% increase in the carbon fixation of larger (>3 μm) and smaller (<3 μm) cell assemblies from the estuarine water, respectively; while the limited effects were observed between them in the pelagic water. Additions of N and P interactively increased the carbon fixation of both cell-sized assemblies in the pelagic water, but only small cell-sized fraction in the estuarine water. Moreover, the estuarine phytoplankton cells appeared to respond faster to the nutrient additions than the pelagic ones, and the smaller cells respond to a greater extent than their larger counterparts in the estuarine water but not in the pelagic water.
Introduction
In large areas of the South China Sea (SCS), the standing stock and production of phytoplankton are very low although there is ample light penetration to drive photosynthesis [1] . This paucity of biomass and production is usually thought to be resulted from the impoverished essential macro-nutrients of e.g. nitrogen or/and phosphorus within the euphotic zone, due to the permanent stratification of water column [2] [3] . This hypothesis is supported by the increase of biomass and production of phytoplankton that occurs episodically when mesoscale physical turbidity enhances the nutrient levels within the euphotic zone [2] [4] . For e.g. typhoon Kai-Tak of 2000 triggered an averaged 30-fold increase of surface chlorophyll a content through uplifting nutrients from the below mixed layer and relaxing phytoplankton from the nutrient limitation [2] . Similar increase of phytoplankton biomass by typhoon Damrey of 2005 was also observed in both the offshore and coastal waters, associated with the injection of nutrients into the euphotic zone [4] . Little has been concerned how the phytoplankton assemblages respond to the nutrient increase in the field conditions of the South China Sea.
The cell size of phytoplankton plays a vital role in determining the efficiency of element or energy transfer in marine food webs, thus the production of higher trophic levels [5] ; it also varies greatly in the temporal and spatial scales [6] - [8] . The differently cell-sized phytoplankton often have different capacities of nutrients/energy requirements [9] [10], photosynthetic carbon fixation [11] as well as tolerance to light stress [1] . For e.g. smaller cells utilize nutrients and light energy more efficiently than larger ones, due to their higher biomass-normalized metabolic rates associated with higher surface to volume ratios [9] , thus leading to their dominances in the oligotrophic oceans as well as the deep sea water [12] . The smaller cells also have lower photosynthetic capacities as compared to the larger ones [1] [11] and are more vulnerable to photoinhibition if based on DNA damage [13] or carbon fixation reduction [1] [14] . To what extent the smaller and larger cells respond differently to the nutrient additions is still unclear, although it is important to understand the effects of increasing eutrophications upon the phytoplankton communities. In this paper, we showed the effects of nitrate or/and phosphate additions on the biomass and carbon fixation of differently cell-sized phytoplankton assemblages from the surface waters of the northern South China Sea.
Materials and Methods

Sampling Protocol
The experiments were carried out on board of R/V "Shiyan III" in the South China Sea (SCS) during a cruise dated from September 8 to 15 of 2010. A total of four stations were settled in the Pearl River estuary and SCS pelagic waters (Figure 1 ) wherein the nutrient levels differed greatly ( Table 1) . During the cruise, surface seawater with phytoplankton assemblages was collected with a 15 L acid-cleaned (1 N HCl) polycarbonate carboy. The collected water samples were used immediately (within 15 min) for the nutrient addition experiments and determinations of phytoplankton chlorophyll a (chl a) content as well as background nutrient levels as described below.
Nutrient Addition Experiments
Two sets of experiments were performed to examine the effects of nitrate or/and phosphate additions on phytoplankton assemblages. Firstly, the collected seawater from each station was pre-filtrated through a 180 μm pore-size mesh (to remove most zooplankton) and dispended into 2. , and c) enriched with N and P (N + P) to the same level as above. Three bottles were set as control without any nutrients addition. After the aforesaid treated, all the 12 bottles from each station were incubated for 4 days (144 h) in a shade-free water tank with the flowing-through surface seawater to control temperature to similar as SST. After 24, 48, 96 and 144 h incubations, 400 ml sample was collected from each bottle to determine chl a concentration as described below, and the chl a was also measured ahead the incubations. Secondly, the pre-filtrated samples were put into 250 ml polycarbonate bottles, with 3 nutrient treatments and one control (triplicate for each) as described above. A 500 μl of 5 μCi (0.185 MBq) NaH 14 CO 3 solution (ICN Radiochemicals, USA) was inoculated to each bottle, and all the bottles with samples were incubated for 24 h in the aforesaid tank. Duplicate bottles of each treatment and control were wrapped in black foil and incubated as dark samples. After the incubations, each sample was sequentially filtered onto a 3 μm poresize polycarbonate filters (25 mm in diameter, Osmonics Inc.) and 0.7 μm pore-size glass fiber filter (25 mm in diameter, Whatman GF/F), which were frozen immediately and stored at −20˚C for later analysis. The frozen filter was then placed into a 20 ml scintillation vial, thawed and inoculated with 0.5 ml of 0.5 mol•L −1 HCl, and left uncapped for 24 h to expel the non-fixed 14 C in a fume hood. A 5 ml scintillation cocktail was added to each vial and the radioactivity was measured with a liquid scintillation counter (LS 6500, Beckman Coulter, USA). The photosynthetic carbon fixation was calculated following the JGOFS 14 C-protocol [15] .
Chlorophyll a Analyses
Ahead or during the incubation experiments, 400 ml water samples were filtered onto a Whatman GF/F filter that was wrapped in aluminum foil, frozen and stored at −20˚C for later analysis. Chl a content was measured by fluorescence with a Turner Design 10 fluorometer after a complete extraction with 90% acetone (v/v) overnight in darkness at −20˚C [16] . To determine the <3 μm cell-sized fraction, the water sample was pre-filtrated through a 3 μm pore-size polycarbonate filter, then filtered onto a 0.7 μm pore-size glass fiber filter and the chl a was measured the same as above.
Environmental Parameters
The temperature and salinity of the sampling sites were obtained with a multi-parameter water quality monitor sonde (YSI 6600, Yellow Springs Instruments, USA SiO − ) were analyzed with a nutrient auto-analyzer (Quickchem 8500, Lachat Instruments, USA) [17] . This equipment has been calibrated regularly with the help of the manufacturer against CSK standard solutions.
Statics
Mean and standard deviations were calculated and presented in the figures. One way ANOVA was used to determine the significant differences between the treatments.
Results
The field environmental factors and phytoplankton biomass (chl a) are shown in SiO − ) were significantly higher at S1 station, as compared to other stations; while the phosphate ( 3 4 PO − ) displayed no significant differences among the four stations. Chl a biomass at S1 station was 3.07 μg•L −1 , being approximately 20 times as high as the others, whereas the proportion of <3 μm cell-sized fraction (15%) was only one-fifth ( Table 1) .
Phytoplankton biomass increased significantly after the nutrient additions (Figure 2) . At S1 station that is located in the estuary (Figure 1) , approximately 6 times increase of chl a from 5.9 to 42.9 μg•L −1 occurred within 24 h after the phosphate (P) addition but without any significant increase present by the nitrate (N) addition (Figure 2(A) ), mirroring the P limitation on the growth of phytoplankton in this estuarine water. Limited effects of N or P additions were observed upon phytoplankton growth at other sites i.e. E408 and E304; however, the interactive effects of N and P additions occurred, with 24 and 56 times increase in chl a biomass within 144 h, from 0.18 to 4. , respectively (Figures 2(B) and (C) ). More importantly, the response time indicated by the time point of starting up of chl a increase delayed to 48 h and 96 h at respectively E408 and E304, reflecting a slower response of phytoplankton from the pelagic water than that from the estuarine water.
Photosynthetic carbon fixation of phytoplankton assemblages were significantly enhanced by the nutrient additions in most of the stations (Figure 3) . In particular in estuarine water (S1 station), P addition increased up to 18.0% and 149% of the carbon fixation of >3 μm and <3 μm cell-sized phytoplankton assemblies, respectively; but less effects were observed in the pelagic water (Figures 3(E) and (F) ). The N addition had no significant promotion upon the carbon fixation of both cell-sized fractions, neither in the estuarine nor in the pelagic waters. However, additions of N and P interactively increased the carbon fixation, especially in the pelagic water e.g. at E304 where the promotions were 20.2% and 11.2% for >3 μm and <3 μm cell-sized assemblies, respectively (Figures 3(E) and (F) ). Moreover, the combined effects by N and P additions were merely observed on the smaller cell-sized fraction in the estuarine water.
Discussion
Types of nutrients limitation on phytoplankton growth often varied spatially, e.g. shift from P-to N-limitation across the Pearl River plume [18] . Being consistent with these results, P addition sharply increased the phytoplankton biomass of this estuary, but not in the pelagic water of the South China Sea (Figure 2) . Our results also give a new perspective that the N and P additions interactively increased the chl a biomass in the pelagic water (Figures 2(B) and (C) ). Usually, very low N and P contents prevail over the surface water of the South China Sea, even under the detectable limits [19] ; while the additions of solely N or P had no profound effects on phy-toplankton growth (Figures 2(B) and (C) ), which might be accounted for by the extremely high or low N:P ra-tios after the N or P additions (i.e. 67 ± 9 and 2.3 ± 0.6, Table 1 ) since the well growth of phytoplankton cells needs a proper N:P ratio of 16:1 [20] . The nutrient enrichments can alter phytoplankton species compositions [10] [21] , it might also be one of the causes for the changes of chl a biomass (Figure 2) ; unfortunately, we did not check if the species changed during our incubations.
Phytoplankton with different cell-size usually showed differential physiological behaviors to the changes in environmental factors [6] [10] [11] . For e.g., the smaller cells showed more susceptibility to the solar UVRcaused damages on their DNA molecules, compared to the larger ones [13] . The smaller cells (<3 μm) have also been detected to respond faster and to a greater extent to the increases of nutrient levels as compared to their larger counterparts (<3 μm) if based on the chl a biomass [9] [21] or carbon fixation (Figure 3) , thus leading to the spatial variations in primary productivity [12] . Apart from the differences in the cell-sized fractions, the stability of water column wherein phytoplankton lives also affects their responses to the environment changes [6] . For e.g. the results by Li et al. [22] indicated that phytoplankton assemblages were more sensitive to the photoinhibition after typhoon, due to disturbance of the stratification of water column as well as the changes of phytoplankton cell communities. Moreover, the coastal phytoplankton assemblies are detected to respond faster to nutrient additions than the offshore assemblies (Figure 2) . Actually, both the coastal and offshore phytoplankton have started up to respond to the nutrient changes immediately (within one day) after N and P additions if based on the carbon fixation ( Figure 3) ; however, the changes of chl a biomass to a detectable level might need more time due to the slower accumulation of organic matters within cells, thus resulting in an insignificant difference between the treated samples and controls during the first two days (Figures 2(B) and (C) ). Based on our data, the effects of increasing eutropications on phytoplankton would differ greatly in the spatial scale if considering the variations of community structure and the differential responses of different cell-sized phytoplankton to the nutrient changes.
